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FOREWORD 

The work presented in th i s  r epo r t  was authorized under P ro j ec t  
4608 -02 -022, Medical Aspects  of 6 W  (U) ,  T a s k  4608 -02 -022 -03, Clinical 
Investigation and Trea tment  of CW Casual t ies  ( U ) .  The study was c a r r i e d  
out under the Medical Resea rch  Directorate  Resea rch  T a s k  P l a n  No. 3049 
with the recommendations of the VX Committee for  Utilization i n  Man. The 
work was s ta r ted  in F e b r u a r y  1958 and completed in  August 1959. 
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DIGEST 

Intravenous studies on VX in man were conducted to obtain precise 
dose-effect relationships using the route of administration where the exact 
amount of agent given could be controlled without the influence of absorption 
problems. These resul ts  formed the basis of subsequent percutaneous studies 
of VX in man ,  

1. Intravenous VX studies were carr ied  out on 7 volunteer 
subjects who received either single 30-second injections or  slow intravenous 
infusions. 

2. Dose employed ranged from 0.04 to 2. 12 pg/kg 

3 .  At 1 pglkg symptoms may occur and ch.oRineaterase levels 
will fall  to 4570 to 5070 of normal. 

4. Totalof2.12pg/kggivenover5-1/2houssseemstobethe 
maximum tolerable dose intravenously without using atropine, oximes, and/or  
artificial resuscitation. 

5. Red blood cell  and whole blood eholinesterase determinations 
by both the modified Michel method and the e l e c t s d p i c  method seem to 
correlate well, particularly a t  higher doses. 

6 .  There a r e  advantages in. an investigation such a s  this to 
determine the cholinesterase activity in whole blood a s  well a s  in plasma and 
red blood cel ls .  The method used for whole blood yields a reliable 
quantitative answer in 10 to 15 minutes. This gives invaluable support to the 
medical officer responsible for the well being of the volunteer. 

7. Red blood cel l  cholinesterase depression to 35% to 50% of 
normal after intravenous VX returns to 80% to 90% of normal within 14 days. 
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INTRAVENOUS ADMINISTRATION O F  VX IN MAN 

1, INTRODUCTION. 

Extensive toxicity studies in severa l  animal  species have indicated 
that the intravenous LD50 for  VX range f r o m  4 to  20 pg/kg of body weight. ' It 
was the opinion of the authors that the initial intravenous dose for  man would 
safely be 1/100 of the intravenous LD50 (o r  0. 04 pg/kg) for  the most  sensitive 
an imal ,  One of the authors (Dr .  S im)  volunteered to be the subject for  the 
dose -effect study with intravenously administered VX. Following the informa- 
tion obtained f rom the pilot study, it was planned that a group of 6 volunteers 
f rom the enlisted volunteer program would be utilized for  the purpose of 
obtaining ( a )  information on the dose-effect relationship of VX to cholinesterase 
depression and (b) relationship of intravenous VX t o  clinical signs and 
symptoms. The purpose of the ent i re  t a sk  plan was to  fo rm a f i r m  basis  for 
subsequent extensive percutaneous studies of VX in man.  

METHODS. 

To ensure maximum safety and full utilization of the initial pilot 
study, the following s teps and studies were  planned: 

1. Complete physical examination of the volunteer subject 
including a l l  vital  s igns,  e lectrocardiogram, chest X-ray,  hemogram, blood 
chemistr ies  , cholinesterase determinations,  and ur inalyses  were  made during 
the control periods preceding the tes t  day. Cholinesterase determinations 
were made simultaneously by the modified Michel method of Stubbs and ~ a l e s '  
and the electrolytic method of Trurn i t  and vocci3  a s  modified by Vocci. 

2 .  Special testsincludedelect~oencephalograms,  airway- , 
res is tance measurements ,  galvanic -skin-resis tance measurements ,  and 
spirometer  studies.  

111. DOSAGES. 

It was apparent that the doses selected had to be carefully chosen 
a s  initial t r i a l s  gave 

A .  P a r t  I. 

indications of the dose -effect relationship. 

Initially, 
a 30-second period. 
dose was 0.08 pg/kg 
dose 0. 12 pg/kg. 

0 . 0 4  pg/kg was planned for  the intravenous injection over 
With the negligible effect produced by this dose,  the next 
for  the same subject on the same day making the total  
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B. P a r t  11. 

Eighteen months later* the same subject was 
or  0 . 2 2 5  pg/kg intravenously over a 30-second period. 

C .  P a r t  111. 

given twice the dose 

Two hours after the initial rapid injection a continuous intravenous 
drip of VX was begun. The blood cholinesterase levels were determined 
frequently by the rapid electrolytic method. 

D. P a r t  IV 

Six enlisted volunteers under the Clinical Research Division 
Volunteer Program were selected to receive 1 pg/kg of VX intravenously over 
different infusion periods a s  shown in table 1.  

TABLE 1 

INFUSION TIME FOR INTRAVENOUS VX 

To preclude any clinical difficulty, a resuscitation team was avail- 
able a t  the bedside to administer atropine, oximes , oxygen, artificial 
resuscitation,and tracheotomy if  indicated. All doses and VX dilutions were 
checked, and double checked by the two authors directing the study 
(Dr .  Kimura and Dr .  McNamara). 

No , 

--- - * This delay period was necessitated awaiting official permission from the 
Department of the Army to  conduct further studies on VX, 

Subject Infusion time 
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IV. RESULTS. 

A. Pa r t  I. - 
The total of 4 .4  pg (0.04 pg/kg) was given intravenously over a 

30-second injection period a t  1000 hours on 27 February 1958 while the subject 
was under 5-hour fast.  

No particularly noticeable result was obtained except front and 
retrobulbar headaches starting 45 minutes after the VX was injected. There 
were no consistent significant depression of the cho8imesterase levels. It was 
noted by the observers that the subject seemed quite irritable and reported 
feeling tired. 

Exactly 3. 5 hours after the f i rs t  injection s f  VX, $. 8 pg (0.08 pgfkg) 
were given intravenously over a 30 -second period. The folhwing results shown 
in table 2 ,  were obtained. 

TABLE 2 

TIME OF ONSET O F  EFFECTS OF  INTRAVENOUS INJECTIONS OF VX 

Time after injection I Results 

min 

15 2-Fold increase in airway resistance,25% to 30% de- 
crearse in reespirat~sy rate, and 15% ddgcip irP the pulse 
rate 

Onset of frontal and retrobulbar headaches 

Increase in minute volume from 15 to 32 l i ters  

Peak effect of the agent with conscious respiration, 
feeling sweaty (although there were no increase in 
skin resistance), lightheadedne s s , and abdominal 
cramps.  

Although the subject appeared irritable and talked less  clearly during 
the peak effect, pupil size did not change and he did not have any obvious 
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respiratory difficulty. There were no muscular twitching o r  fasciculations , 
salivation, nausea, o r  vomiting. Electrocardiograms, choline s t e ras  e 
determinations, and a l l  blood chemistr ies  (pH, GOZ, 0 2 ,  sugar ,  lactic acid) 
were  within normal l imits.  

B. P a r t  11. 

On 21 August 1959 the same subject (Dr .  Sim) was given a rapid 
30-second intravenous injection of 0.225 -pg/kg o r  27.5 pg total dose which 
resulted in the f i r s t  definite evidence of cholinesterase depressiono The 
systolic blood p ressure  dropped f rom the control of 145 192 to 134190 lasting 
for over an hour. Within 10 to 15 minutes af ter  injection the respiratory 
minute volume rose f rom the baseline of 10 to 27 l i t e r s ;  it dropped to  control 
levels within an  hour, Pupillary dilatation was not remarkable,  but dilated 
f rom the control of 2 m m  in diameter to 3 m m  for  approximately 45 minutes 
with the onset of mydriasis  a t  20 minutes af ter  injection. The airway 
resis tance did not change significantly. The cholinesterase level determinations 
by the modified Michel method showed the fall  in cholinesterase f rom the control 
0.88 to  0. 70 to 0. 73 ApH units /hsur  within 10 to 15 minutes af ter  injection. 
Expressed in per  cent of baseline f igures,  the electrolytic method showed the 
fall in  red cel l  cholinesterase f rom loo'% to  63% level in 15 minutes. The 
subject complained of feeling hot and again experienced the frontal and 
retrobulbar headaches which seemed to  Bast during the entire phase of cholin- 
e s t e rase  depression for approximately a 30 -minute period with the onset appear - 
ing about 30 minutes af ter  the injection. 

The graphic representation of the above events is presented in 
figure 1 on the left-hand portion covering the period f rom 0 to  120 minutes 
elapsed t ime.  

Two hours af ter  the injection of 0. 225 pg/kg of VX the subject rn 

(Dr .  Sim) was given slow continuous infusion of VX a t  the rate  of 1 pg/minute 
until the cholinesterase levels definitely fell  below 500Jo of normal,  The 
infusion was continued until the red  blood cell  and whole blood cholinesterase ? 

levels had dropped to approximately 15% of normal. The graphic 
representation of the course of events is given in figure 1 for the elapsed time 
period f rom 120 minutes to  480 minutes. The minute volume increased 
considerably a t  the peak of VX effect, and a lso  to a l e s s  degree when the rate  
of infusion was temporari ly increased. Airway-resistance measurements did 
not seem to  change appreciably. The pupils dilated for approximately 1 hour 
f rom 2-mm diameter to  3-mm size a t  the peak effect of the agent, 
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There was a slight increase in blood p ressure .  During the later  
period of the experiment there was a definite increase in perspiration, 
salivation, pale appearance, nausea, and vomiting. The subject in the ear l ie r  
phase complained of feeling t i red and had visual distortion in which the 
colleagues appeared to be somewhat tal ler  and very thin. The post-experiment 
cholinesterase levels gradually increased but did not commence to come back 
to the 60% to 80% level until the third to  fourth days. 

At one point, approximately 3-1 / 2  hours af ter  the onset of the 
continuous infusion, the subject suddenly became pale, stopped talking, and 
appeared out of contact with the responsible medical officer (Dr .  Kimura).  At 
this point the decision was made to diseonOinue the infusion of VX. A few min- ., 
utes af ter  this tt7e subject announced that he felt spinny a n d  s tar ted to salivate 
and was not able to keep the a i r  f rom Leaking around his mouth while having 
his minute volume measurements taken. Vomiting s tar ted  at  this point. 
Approximately 20 minutes af ter  infusion was terminated, the subject became 
irrational and star ted to  thrash  around and wanted to  have the various venous 
indwelling catheters removed. This confusional and irrat ional  period Pasted 
about 15 minutes. One of the venous indwelling catheters was kept in place in 
event the subject required resuscitation measures  such a s  intravenous atropine 
o r  the oximes . 

About an  hour af ter  the termination of the infusion and about 
30 minutes af ter  his confusional period, the subject s tar ted to  feel better and 
star ted to  communicate with the members  of the experimental team. The 
subject vomited severa l  t imes and his collor did not improve until 1 hour and 
40 minutes af ter  termina.tion of the infusion. The subject was observed over-  
night in the Volunteer P rogram Facility. 

Comparative results of the cholinesterase-determination methods 
for  red blood cell ,  plasma, and whep1l.s bPoad ar-e presl.n&ed in Bigare.2. F r o m  
these experiments,  it was estimated that the intravenous ChET50 would be 
about 1 pg/kg.. To obtain further information this dose was given to  s ix  I 

enlisted volunteers. The resul ts  of these t e s t s  a r e  presented in figures 3 and 
4. The maximum cholinesterase depression from the baseline control level of 
100% was approximately in the range of 34% to 45% of normal .  Four subjects 

. 
receiving a 4-hour infusion of 1 pg /kg had the maximum drop in cholinesterase 
a t  the end of the infusion period. Those who received the same dose over a 
shor ter  infusion period showed an  ea r l i e r  and steeper  rate  of fal l  in the blood 
choline ste r a s e  levels,  but the maximum drop was approximately the same a s  
that obtained fo r  the 4-hour infusion period. Figure 4 shows the gradual 
re turn  of the red blood cel l  cholinesterase levels for the s ix  volunteer subjects. 
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111. DISCUSSION. 

These intravenous VX studies in  man were  necessary  s teps fo r  
obtaining dose -effect rela.tj.onships with special  reference to  the chd ines t e rase  
levels and signs and symptoms of poisoning. 

The smal l  initial doses of 0.  04 and 0.08 pg/kg produced only t r a c e  
effects  while the minimum effective dose for cholinesterase depses sion was in 
the neighborhood of 0 .  225 pg/kg intravenously. When this dose and an  additional 

*. 
1 . 9  pg/kg were  given by infusion ever  a 3 -1 /2-hour period giving a total  sf 
2. 12 Ccg/kg over a 5-112-hour period, the subject definitely showed symptoms of 
toxicity, period of irrationa.Bity, and definite depression of red blood ce l l ,  whole a 

blood, and plasma cholinesterase levels ,  Cex tainly if the 2 .  12 -pg/kg dose had 
been given a s  a single bolus aver  a 30-second period, there  m a y  have been 
considerabZe difficulty in handling the subject. There  seems to be a sharp  
differentiation between 1 pg/kg prccpducirg about 40% to 50% depression of 
cholinestera.se and 2 pg/kg, which could be expected to produce toxicity requiring 
resuscitative measures ,  such a s  a t r o p n e ,  oximes,  and resp i ra tory  a s s i s t .  

The s ix  enlisted volunteers who received enough VX to produce more  
than 50% fall  in cholinesterase Bevels certainly had minimal ,  if any, signs and 
symptoms. The only subject who did. ce?,mpllain 09 hea,dache and appeared 
uncomforta.ble was the heaviest and fhe  oldest of the group weighing 84 kg and 
being 34 years  of a.ge (figure 3).  

Figure 2 showing the c o m p ~ s i s o n s  of the two chd ines t e rase  - 
determination methods with whole bkmd, red  blood cell., and plasma strengthened 
confidence in the methods for  foPP.owing cholinesterase levels in the volunteer 
subject receiving VX. Although t h e ~ e  seems  to  be considerable sca t te r  of 
choline s t e r a s  e values down t c t  approximately the 7'5% I.evel, f rom this point 
down to  10% to 159% there appears  to be good correlat ion between whole blood 
and red  ce l l  cholinesterase values. This is apparent in figure 2 .  The plasma 
cholinesterase values do not seem $0 whcaw the prec ise  correlat ion that the red  B 

blood ce l l  o r  whole hlosd values show. However, in general ,  both the 
electrolytic and the modified Michel method indicate the t rend of the plasma 
cholinesteraw e levels during the course  of the experiment.  i 

These resul ts  s eem to indicate that the dose of 1 pg/kg given in t r a -  
venously over a 30-second period would produce a t  leas t  50% fall  in circulating 
choline s t e r a s e ,  The resu l t s  obtained with the higher dose infusion allowed 
observation of valuable signs and symptoms which wiU a.id in the evaluation of 
VX given percutaneous~y5 in man where the ent i re  skin ac ts  a s  a b a r r i e r  t o  
diffusion o r  penetration of the agent into the blood s t r e a m .  
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IV.  SUMMARY. 

1. Intravenous VX studies were ca r r i ed  out on 7 volunteer 
subjects who received either single 30-second injections o r  slow intravenous 
infusions. 

2 .  Dose employed ranged f rom 0.04 to  2. 12 ,ug/kg. 

3 .  At 1 pg/kg symptoms may occur and cholinesterase levels 
will fall to 45% to 50% of normal.  

4. Total of 2 .  12 pg/kg given over 5-1 12 hours seems to be the 
maximum tolerable dose intravenously without using atropine, oxime s , and /o r  
artificial  resuscitation. 

5. Red blood cel l  and whole blood cholinesterase determinations 
by both the modified MicheE method and the electrolytic method seem to 
correlate  well, particularly a t  higher doses,  

6 .  There a r e  advantages in an  investigation such a s  this to 
determine the cholinesterase activity in whole blood a s  well a s  in plasma and 
red blood cel ls .  The method used for whole blood yields a reliable 
quantitative answer in 10 to 15 minutes.  This gives invaluable support to the 
medical officer responsible for  the well being of the volunteer. 

7 .  Red blood cel l  cholinesterase depression to 35% t o  50'70 of 
normal af ter  intravenous VX returns to 8070 to 90% of normal within 14 days. 
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1. VX, intravenous 
s tud ies  on asn 

2 .  Intravenous hdmin- 
i s t r a t i o n  o f  VX t o  Man 

3. Dose-Ef f ec t  Relat ion-  
sh ip  of VX, intravenously 
in.iected, i n  man 

Irit.rrtvt.nou:, uturlies on VX i n  man were conducted t o  ob ta in  
p r rx l sc  rlu:;f,-<,f'fect relntionohipti ufilnic t h c  route of 
uiimlnlstrirt,ir,n where. t h e  exact  amount of  w e n t  given could be 
ciiritri,lltd without the inf luence of absorpt ion problems. 
'I'i~r:,!,: ru,,ult:; I'ormtrrl thr! b m i s  0 1 '  t he  gcrcutaneou:: s tud ies  
01' J X  in mur! r e p w t o d  elsewhvre. These intravenous VX s tud ies  
w:rv r .r~rr . lr .d  out o n  ' /  volunteer sub.jerts who received eiLher  
r , l r ~ ~ ~ l c  {O-onr.i~rrd InJcct ions or  r;Low intravenous irrf\lslons. 
h:;e rmpliiy<~rl rnuijcrl l'ram O . O h  t o  :'.I:' vg/ki{. At 1 d k g  
eiympl,omi; rwy occur and cl~o1lnr:stera:;e l e v e l s  w i l l  f u l l  Lo It>$ 
I 1 ,  I I .  'i'0Lkl 01. P. L:' I I ~ / I ~ :  ,:iven over >-1/:) t10~1.s 
r;r:emr; Lo be the  miximum tolrrr ible  doer intrtIvenously without 
u ! i i l ~ i <  atroplra:, oxlm:s, ur~rl/or a r t i f i c i a l  r e susc i t a t ion .  Iled 
hlooil i:r. L I ~ n r l  whok blood ~11011 n e s t e r ~ ~ s e  determi nat ions by 
t,i,l,i, m~xiil'ir~il t4ir.Ivl nlrthoci mri ttic r ,  l e c t r o l y t l i  method 
!;v :n t l i  -r,rr.vlisli ~ 1 . 1 1 ,  p:irti::uliLI.ly at. l i I .~hc r  doscs. 

S L Y  
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A l j  Acce~uion No. 

I Cllrili:nl. Rr::jeos~:h Uivioiuri and Toxicolokg Division, 
IJlrcctori~tt: of K.dicnl  Rcseiirch, lJ. S .  Arm Chemical I l i~wrrrci i  rind 1i:ul:lopmnt Lirtmrr~torico, Army Chemlrul 
CcrAer, Mrryl.rind 
TN'lTiAVF:[.IOIJ:i AI)KINI:XIUTION OF 'X  I N  MAN - 1 Y,u~,uo K, K i m ~ m ,  M.!]., Eermwd P. MxNmwrci, l'h.Il., 
V u n  M. ,;Lm, M . l l .  
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Ilil.rrrvenc,~i:: r:t.udir:r, o:i VX i n  miin were cordiirted Lo obtfiiri I prv/,/l;c i ~ , x , c - r ~ i c : t  ~ I U I L ~ I I Y I I I ~ *  ~unirq 1111 rout.: 
i r d m l  rti sI,rr&L ion w1u:rr thc  cxirct rrmtxmt ui '  agurlt glven i.oiilrl be 
co~8Lrollcii wlt t~out  t h e  in f luc r~cc  of ~ t b ~ o r p t l o i l  problems. 
'I'ta.r;<. r< .~ .u l t . ! ,  furm~ri  tla: bii:;io UI' t he  pcrcutaneouo s tud ies  

w:rc: rcrwrlcil out, on 7 voiunter:r :;ubJcct~; whii received e l t i l e r  

! k , s c  cmpl,,yuJ ritr~ged S'rim 0.04 1.u lip,/kii,. A t  1 v d k ~  
uympL,mf, muy w:<,!~r  ~md ,:tmll nf,st,f? rmx: leve 1 I, wi 11. Ihll Lo ' I : I $ >  

Ijcr:m:; t n  tx t h r  rrurximum Lo1r:rrrtilr: do:;r: ir~i.r%vt l loli:Ly without I 1 r ,  I ,  I i / 1 I I I r w u m  i r,.tlnri. 
trluod i:r, 11 rind whole blr>oii i:hol i , l i :~,kr . i i : ; r :  ile~l.emirmLl on6 b y  
t ~ A h  the, mmi I f ' i d  M i c h l  rwi,lmd W N I  ILhc v ~ l ~ x t , r o l  yL I <, 1nc~Ltiod I :;em t o  r:iirrr:lit.tr. wi:ll, p r~ r t , l ru ln r ly  r r t  hif:ka!r docab. 
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1. VX, intravenous 
ntudier, on m n  

2. Intravenous hdmin- 
i s t r a t i o n  of VX t o  MLlrl 

3. Dose-effect Relat ion-  
 hip of VX, intravenoubly 
in jec ted ,  i n  marl 




